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This report has been prepared as an internal OSSA document., and it will

serve as the basis for OSSA program planning in the future.
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n n 1988, the Office of Space Science and Applications (OSSA) developed and published a
Strategic Plan for the United States” space science and applications program during the next 5 to
10 years. The Plan presented the proposed OSSA program for the next fiscal year and defined a
flexible process that provides the basis for near-term decisions on the allocation of resources and
the planning of future efforts. Based on the strategies that have been developed by the advisory
committees both of the National Academy of Sciences and of NASA, the Plan balances major,
moderate, and small mission initiatives, the utilization of Space Station Freedom, and the re-
quirements for a vital research base. The Plan can be adjusted to accommodate varying budget
levels, both those levels that provide opportunities for an expanded science and applications

program, and those that constrain growth.

n SSA’s strategic planning is constructed around five actions: (1) establish a set of program-
matic themes; (2) establish a set of decision rules; (3) establish a set of priorities for missions and
programs within each theme; (4) demonstrate that the strategy can yield a viable program; and
(5) check the strategy for consistency with resource constraints. The outcome of this process is a
clear, coherent strategy that meets both NASA's and OSSA’s goals, that assures realism in long-
range planning and advanced technology development, and that provides sufficient resiliency to

respond and adapt to both known and unexpected internal and external realities.

n he OSSA Strategic Plan is revised annually to reflect the approval of new programs, im-
proved understanding of requirements and issues, and any major changes in the circumstances,
both within NASA and external to NASA, in which OSSA initiatives are considered. Several
noteworthy events occurred in 1990 that influence this year’s Plan. For example, the Advisory
Committee on the Future of the U.S. Space Program has made recommendations that are
particularly relevant to OSSA: that science remain the cornerstone of NASA’s program, that
NASA pursue Mission to Planet Earth with the urgency that the program connotes and Mission
from Planet Earth as resources become available, and that enhanced attention to technology and
infrastructure be focused to serve those mission goals. Federal budget guidelines for NASA
suggest a constrained environment for some time to come. The restructuring of Space Station

Freedom has led to the revision of OSSA’s near-term plans for utilization of Freedom Station.



n his OSSA 1991 Strategic Plan reflects a transitional year in which we respond to these
changes and focus on carrying out a vital space science program and strengthening our research
base to reap the benefits of current and future missions. The Plan is built on interrelated,
complementary strategies for the core space science program, for Mission to Planet Earth, and
for Mission from Planet Earth. Each strategy has its own unique themes and mission priorities,
leadership through the achieve-

but they share a common set of principles and a common goal

ment of excellence.

n alendar year 1990 was a period of high activity, with the launches of the Hubble Space
Telescope, Pegsat, the Roentgen Satellite, the Combined Release and Radiation Effects Satellite,
and Ulysses, and the flight of the Astro Spacelab mission. Missions launched in 1989 also success-
fully met major milestones in 1990, including Galileo’s Venus and Earth flybys, the Cosmic
Background Explorer sky survey, and the initiation of the Magellan mapping phase. An equally
exciting year, 1991 will bring the launches of the Gamma Ray Observatory, the Upper Atmo-
sphere Research Satellite, the Extreme Ultraviolet Explorer, and one Spacelab flight: the first
Space Life Sciences mission. The challenge to which this 1991 Plan responds is to make certain
that this level of activity is sustained and thus to ensure the realization of the space program

envisioned by the Advisory Committee on the Future of the U.S. Space Program.

L. A. Fisk
Associate Administrator
for Space Science and Applications

April 6, 1991



INTRODUCTION

National Space Policy

n he National Aeronautics and Space Act of 1958 established NASA’s mandate to conduct
activities in space that contribute substantially to the expansion of human knowledge and “to the
preservation of the role of the United States as a leader in aeronautical and space science and
technology and in the application thereof to the conduct of peaceful activities within and outside
the atmosphere.”

n hree decades later, the Directive on National Space Policy, updated by the National Space
Council and signed by President Bush on November 2, 1989, similarly states that “a fundamental
objective guiding United States space activities has been, and continues to be, space leadership.”

“ eadership in space can only be maintained through the active, continuing development of a
vital scientific research and applications program, and through the visible and significant achieve-
ment of the objectives of that program. Accordingly, the policy also states that some of the overall
goals of the United States civilian space program are:

T obtain sciontific. techinological and ceonomic benefits for the

sencral population

Toimprove the quality of life on Lacth throngh space-velated activitios

Lo expaned lnonan presence and activiy beyond Fartleovbit ito the
solar system.

n o achieve these goals, President Bush’s 1989 space policy set forth the following objectives
for civilian space activities:

Io r’\’]l(”l(/ knowledee of the Pacth, its encivommend. e solar syste,
aned the wniverse

Fo crcate new opportunitios for use of the spaee encironiment
throua the conduct of appropriate vescaveh and cxperimentation in

advanced teclinology and systems
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To develop space technology for cicil applications and. wherever

appropriate. make such teclinology acailuble to the commercial sector

To presevee the United States preeminence in critical aspeets of space
seience. applications. techuology. and manned space flight

To establish a permanently manned p nee in space

To engage in international cooperative efforts that furvther United
States overall space goals.

mnderscoring national space policy are the recommendations of the Advisory Committee on
the Future of the U.S. Space Program. This Committee was appointed “to advise the NASA
Administrator on overall approaches NASA management can use to implement the U.S. Space
Program for the coming decades.” The Committee’s recommendations were made to the NASA
Administrator, and with him, to the Vice President in his capacity as Chairman of the National
Space Council. The Committee’s report, published in December 1990, states that “the space
science program warrants highest priority ... It is this endeavor in science that enables basic
discovery and understanding, that uncovers the fundamental knowledge of our own planet to
improve the quality of life for all people on Earth, and that stimulates the education of the
scientists needed for the future. Science gives vision, imagination, and direction to the space
program, and as such should be vigorously protected and permitted to grow, holding at or
somewhat above its present fraction of NASA’s budget even as the overall space budget

grows.” The report further recommends that, having established science as the central core,
two mission-oriented objectives also should be supported: Mission to Planet Earth, and Mission
from Planet Earth.

n hese recommendations reinforce traditional OSSA goals, and they affirm many both long-
standing and evolving NASA goals. As its contribution to the President’s U.S. Global Change
Research Program, NASA has already initiated the international Mission to Planet Earth, a
concept that uses space- and ground-based measurement systems to provide the scientific basis
for understanding global change. An initiative of immediate urgency, Mission to Planet Earth
begins with the launches of Earth science missions currently in development, including the
Upper Atmosphere Research Satellite, the Ocean Topography Experiment, and instrumented
Shuttle/Spacelab flights. The concept then builds on these missions to include three new program
elements — Earth Probes, the Earth Observing System, and eventually Geostationary Platforms
— to provide a constellation of satellites in a variety of orbits around Earth to study global

changes within the Earth system.

m ASA has also been examining alternative approaches to Mission from Planet Earth, which
encompasses all elements of the previously named Space Exploration Initiative. The present role
of space science and applications programs in Mission from Planet Earth is critical: to ensure the
safety, well-being, and evolving self-sufficiency of human space travelers, to conduct scientific
robotic missions to characterize the environments of the Moon and Mars, and to plan for scien-

tific investigations on and from the Moon and Mars.

n hrough programs such as these, NASA has always endeavored to expand the frontiers of
discovery, understanding, human experience, and technology to enrich our Nation, ensure a

position of leadership, and capture the benefits of space for humankind. As space science and




applications programs open new vistas of knowledge, the possibilities for human exploration and
habitation of space expand. Using the unique characteristics and perspective of Earth orbit, space
science increases our understanding of Earth and the way in which we humans are changing its
environment. The knowledge gained through observing our own planet from space stimulates
new capabilities to improve life on Earth. And the critical technologies that are developed to
enhance the exploration and utilization of space can be transferred to the private sector to assure
our economic competitiveness and contribute to the national defense. In all these ways, pushing
the frontiers of knowledge and capability contributes to the realization of one of mankind’s most
compelling aspirations — to ever explore and understand.

OSSA Overview

n he Office of Space Science and Applications (OSSA) is one of the program offices of the
National Aeronautics and Space Administration (NASA). OSSA is responsible for planning,
directing, executing, and evaluating that part of the overall NASA program that has the goal of
using the unique characteristics of the space environment to conduct a scientific study of the
universe, to understand how the Earth works as an integrated system, to solve practical problems
on Earth, and to provide the scientific and technological research foundation for expanding hu-
man presence beyond Earth orbit into the solar system. OSSA guides its program toward leader-
ship through its pursuit of excellence in space science and applications across the full spectrum
of disciplines. The aspiration to excellence, combined with the active achievement of program

goals, firmly positions U.S. space science and applications for an exciting, productive future.

n he efforts of the OSSA program result in increased knowledge for all humanity. The scope of
these efforts ranges from Earth’s oceans and tectonic plates to the upper reaches of its atmo-
sphere, and from our own solar system to the most distant galaxies. The pursuit of these
objectives results in the development of tools, techniques, and procedures that can use the
vantage point or characteristics of space to aid in the solution of major national and global prob-

lems and to contribute to the economic health and development of the United States.

n SSA pursues these goals through an integrated program of ground-based laboratory research
and experimentation; suborbital flight of instruments on airplanes, balloons, and sounding
rockets; flight of instruments and the conduct of life sciences and microgravity research on the
Shuttle/Spacelab system and on Space Station Freedom; and development and flight of auto-
mated Earth-orbiting and interplanetary spacecraft. The program is conducted with the
participation and support of all the NASA Centers, other Government agencies and facilities,
universities throughout the United States, and the aerospace contractor community, with sub-

stantial international participation in many aspects of the program.

n SSA comprises eight Divisions. The Administration and Resources Management Division is
responsible for OSSA fiscal and institutional management and for coordinating OSSA educational
activities, public affairs, international relations, industry affairs, and Congressional relations. The
Flight Systems Division is responsible for managing and integrating OSSA science and technol-
ogy utilization of the Space Shuttle, Spacelab, and Space Station Freedom. In addition, the Flight
Systems Division has been assigned the responsibility for serving OSSA-wide information systems
needs in areas such as networking, supercomputers, and data management. The change was

precipitated by the recent decision to reorganize the Communications and Information Systems



Division. This reorganization was initiated to enhance the efficiency of both communications and
information systems activities, with the majority of communications efforts to eventually come
under the auspices of the Office of Commercial Programs, and the technology research and
development efforts to come under the Office of Aeronautics, Exploration and Technology.

n he other six OSSA elements are program Divisions, each of which emphasizes and applies a
different scientific discipline to successfully accomplish OSSA’s goals. These Divisions and their

roles are:

Astrophysics, which has the goals of understanding the origin and fate of the universe and the
birth and evolution of the large variety of objects in the universe, from the most benign to the
most exotic; and of probing the fundamental laws of physics by examining the effects of extreme
physical conditions on matter. The strategy for accomplishing these goals is based on contempo-

raneous observations across the entire electromagnetic spectrum.

Solar System Exploration, which has the goals of understanding the origin, evolution, and
current state of the solar system and the planets, moons, asteroids, and comets within it, including

the search for planetary systems around other stars; of understanding Earth through comparative

planetary studies; and of establishing the scientific and technical data base required to support

major human activities on other planets.

Space Physics, which has the goals of understanding the Sun as a star, as an influence on Earth,
and as the dominant source of energy, plasma, and energetic particles in the solar system; under-
standing the interactions between the solar wind and solar system bodies, including studies of the
processes within and between the magnetospheres, ionospheres, mesospheres, and thermo-
spheres of Earth and other solar system bodies; and understanding the nature of the heliosphere,
in its steady state as well as dynamic configuration, and the origin. acceleration, and propagation
of solar and galactic cosmic rays.

Earth Science and Applications, which has the goal of understanding planet Earth as an inte-
grated system, including the interactive processes that maintain the global surface environmental
balance that maintains life, and those processes — both natural and anthropogenic — that are
acting to change that balance. The strategy to accomplish this goal involves basic research to
understand the physics, chemistry, dynamics, and biology of interlinked Earth system processes,
remote sensing from space for global-scale examination of Earth, and modeling and data analysis

to provide a conceptual and predictive understanding of Earth as a system.

Life Sciences, which has the goals of ensuring the health, well-being, and productivity of humans
in space; developing an understanding of the role of gravity on living systems; expanding our
understanding of the origin, evolution, and distribution of life in the universe; and promoting the

application of life sciences research to improve the quality of life on Earth,

Microgravity Science and Applications, which has the goals of utilizing the unique characteris-
tics of the spaceflight environment to conduct basic research in physics and chemistry, with
special emphasis on fundamental phenomena, materials science, and biotechnology; of under-
standing the behavior of materials in a reduced gravity environment; and, where possible, of

demonstrating the production of improved materials that have high technological utility.

n more detailed discussion of OSSA’s scientific disciplines and their individual strategies is

provided in the Appendix.



OSSA Goals and Objectives

u dvancing scientific knowledge of Earth, the solar system, and the universe beyond has
traditionally been the focus of OSSA’s activitics. OSSA has always directed its energy toward
using the unique vantage point and environment of space to study the universe, to understand the
factors that influence our planet’s environment, and to solve practical problems on Earth, and this
pursuit remains a major component of O$SA’s plans. OSSA is now undertaking Mission to Planet
Earth, an integrated international satellite program for monitoring global change, coupled with a
comprehensive data and information system. This program will generate high-precision, long-
term data sets for modelling global change processes, such as increasing atmospheric greenhouse
gases, atmospheric ozone depletion, and deforestation, which policy-makers and scientists can
use in formulating strategies for managing human impacts on global processes. In addition, many
current and future OSSA efforts will directly support the goal of expanding human presence
bevond Earth. This goal will be supported by characterizing the environments and surfaces of the
Moon and Mars, by determining the attributes of the space environment and establishing a
scientific basis for understanding its long-term effects on human beings and their life-support
requirenwnts. b_\' d(‘\'el()ping appr()priute countermeasures to prevent or ameliorate any detri-
mental effects of himan space travel, by conducting research in microgravity to support
technology development, and by planning strategies for conducting science on and from the

Moon and Mars.

n SSA has established a number of near-term objectives that will guide its programs and plans

for the future. These now include (in no order of priority):
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OSSA Principles
n n the coming years, OSSA will continue to nurture the principles that have served it well in
the past, including;

Constant emphasis on excellence and the maintenance of U.S,
scientific leadership

Basic scientifie goals and strategies defined by the scientific conmunity
Use of scientific peer veciew in all appropriate aspects of the program
Balanee amone the

Close communication with external scientific and applications
communitios. particularly in the advisory process

Strong support for universities to provide essential long-term
research talents

Effective use of the NASA Centers in formulating and implementing the
OSSA program

Choice of an appropriate mission approacl determined by scientific
and applications requivements

Emphasis on nurturing and enhancing educational opportunities. at all

levels. to serve national needs.

B specially important is the need for an interdisciplinary approach to major scientific problems.
The importance of such an approach becomes compelling as the pursuit of solutions to major
space research problems evolves to transcend some of the narrow and artificial boundaries
between disciplines. Such problems cannot be solved without applying data and insights from
many different fields. The future will see a continuing application of multidisciplinary approaches
in such areas as Earth system science; the origin of stars and solar systems: the origin, evolution,
and distribution of life; the processes that cause all planets to form and change: and the informa-

tion needed to conduct long-term human voyages bevond Earth.




The OSSA Vision

u SSA envisions that, at the dawn of the 21st Century, we will continue to exercise world
leadership in space science through a balanced program of high-quality flight missions and
ground-based research. We will have successfully implemented Mission to Planet Earth, and we
will have initiated Mission from Planet Earth. We will be relying on a strong technological
infrastructure that serves the needs of a variety of missions.

u he international Mission to Planet Earth will have begun to build on the information gath-
ered by earlier missions that studied Earth’s global ozone changes, atmospheric dynamics, and
ocean circulation. The nature and dynamics of the myriad components of the Earth system —
core, mantle, crust, soils and land masses, global ecosystem, oceans, cloud cover, and the layers
that compose the atmosphere — will have been observed and measured on a global scale for the
first time. Scientists will have begun to make progress toward describing how these intimately
connected component parts and their interactions have evolved, how they function, and how they
may be expected to continue to evolve on all time scales.

n he Earth Observing System and a complementary set of Earth Probes, major elements of
the U.S. Global Change Research Program, will be obtaining long-term, continuous observations
of our planet. Combined with ground-based measurements and observations, information
received through these systems will be advancing our understanding of the Earth system on a
global scale. These measurements will have been integrated into a comprehensive data and
information system that scientists can access and use to understand and describe the global
character of Earth. Earth system science will be on the way to developing the capability to predict
those changes that will occur in the future, both naturally and in response to human activity.
Earth itself will be understood as mankind’s home, limited in resources and requiring attention
and care to preserve its delicate global balance. Instead of carelessly or ignorantly exploiting
Earth, humanity will have a growing sense of responsibility for managing the use of the planet’s
resources in a renewable, sustainable fashion.

u rbiting spacecraft will have traveled to every major solar system body that is accessible to us.
One such orbiter will have visited Jupiter for a more detailed look, sending an instrumented
probe through the gas giant’s atmosphere and conducting an extraordinary 2-year tour of its
Galilean satellites. The surface of Earth’s sister planet Venus will have been mapped using radar
that penetrates the dense Venusian clouds, substantially augmenting the information base
necessary for the comparative study of Venus, Earth, Mars, and Earth’s Moon. The history and
future of our own planet will have become clearer through our increased understanding of our
solar system neighbors.

n sophisticated spacecraft will be orbiting Saturn, closely observing its complex system of
rings and moons and unveiling clues to the processes by which planets form. A probe will have
descended through Titan’s murky atmosphere, and a radar instrument will have revealed the
nature of its invisible, possibly ocean-covered surface. In the atmosphere of this largest moon of
Saturn, scientists believe that a chemical environment similar to that on early Earth exists.
Studying this environment can teach us much, for it may be repeating some of the earliest steps
in the processes that gave rise to life on our planet.



m e will have peered back into the early history of the solar system by studying its most primi-
tive, unaltered bodies — comets and asteroids. One spacecraft will have flown for 3 years in
formation with a comet in its journey around the Sun and embarked upon a 50,000-kilometer
excursion down its spectacular tail. En route to its final destination, the same spacecraft will have
studied an asteroid at close range, adding to a growing body of scientific information about these
relics of our solar system’s origin. Using a variety of experiments, other missions will also have
studied asteroids of different compositional types, in order to understand their puzzling diversity.

m ars, with its Earth-like mountains, canyons, and evidence of ancient flooding, will have been
studied extensively to determine the planet’s climate, global surface processes, and behavior of its
volatiles. These studies will characterize the environment in which spacecraft and crew must
function to help us identify the most promising locations for further scientific exploration and
plan for human expeditions to Mars, journeys that will expand human presence ever farther
beyond Earth’s orbit.

n ur own Moon’s global surface mineral and elemental composition will have been deter-
mined. Its global topography, gravity, and magnetic fields will have been measured, and an
initial assessment of its resources, including a search for frozen volatiles at the poles, will have
been undertaken. Combined with what we have already learned from ground-based studies and
from previous missions, this information will help us to understand the Moon as a unique terres-
trial body. This knowledge will also help prepare for the return of human beings to the Moon to
build an outpost that will be both a site for scientific research and a way station for further

human exploration.

n he Sun that gives us light and sustains life on our planet will have been studied both as a
star and as the dominant source of energy, plasma, and energetic particles in the solar system.
We will have begun to understand the Sun’s interior and the origin of the solar wind, and to have
the capability to predict the behavior of this star, which is central to the destiny of our solar
system and of humanity. The results of Orbiting Solar Laboratory investigations will have in-
creased our understanding of the Sun’s variability and of solar particle eruptions. To extend that
understanding and to provide early warning of solar events that might harm human explorers,
orbital observatories will be in place at various locations to monitor all quadrants of the Sun’s
surface. A probe from Earth will be speeding toward the unexplored region between 3 and 60
radii from the Sun, where the solar wind first flows at supersonic speeds.

n he nature of the interface between the interstellar medium and the interplanetary me-
dium will have been determined, and the extent and three-dimensional structure of the
heliosphere will have been mapped. Sources of galactic cosmic rays and the physics of their
interactions with interstellar and solar system material will have been studied with the Advanced
Composition Explorer. We will be well on our way to comprehending how the complex plasma
phenomena in different regions of the solar system and the Milky Way Galaxy are related.

multiple spacecraft will have flown in close coordination to measure the total energy budget of
the plasma processes in Earth’s magnetosphere. The quantitative study of the geospace environ-
ment that is created by the interplay of solar and terrestrial processes will be progressing toward a



full-scale predictive stage. Comparative observations of plasma processes at other planets will be

well under way.

n our Great Observatories — the Hubble Space Telescope, the Gamma Ray Observatory, the
Advanced X-ray Astrophysics Facility, and the Space Infrared Telescope Facility — will have
fulfilled the goal of observing the universe across the entire electromagnetic spectrum. Comple-
mentary measurements will be obtained by the Stratospheric Observatory For Infrared
Astronomy, which will be routinely flown in a research aircraft. As we begin to use the informa-
tion these observatories reveal to us, our Nation will be recognized as leading a worldwide effort
to understand our place in the universe. The revolution that this understanding will cause in our
thinking will rival the one that occurred when an earlier astronomer, Copernicus, showed that
Earth was not the center of the universe. Many totally unexpected scientific discoveries will be
made; nature, unfettered by the limitations of human imagination, will continue to surprise and

inspire us.

n he question of whether the universe is expanding indefinitely, or will at some time begin to
contract, should have been answered. The distance scales and the rate of expansion will be known
with much better precision. Theorists, by combining data from the Great Observatories with
experiment results from Earth-based particle accelerators, will develop models for the origin and
fate of the universe that include unification of physical laws. Scientists, from workstations at their
universities, will browse through astronomical data from the Observatories, and vast data sets will
be quickly and conveniently accessible. Orbiting experiments will have verified yet another
prediction of General Relativity, or else they will have discovered the theory’s first inconsistency
while providing clues to alternative theories. Our understanding of the laws of physics will be
revised to accommodate new insights gained from studies of relics of the creation of the universe
and from observations of matter reacting to pressures and magnetic fields unimaginable in the

vicinity of Earth, but common near compact objects such as neutron stars and black holes.

a ur knowledge of the relationship of life to natural processes occurring in the cosmos will
have been expanded, and a direct search for signs of life elsewhere will have been conducted. A
sophisticated microwave observing project will have completed a comprehensive search for radio
signals stemming from extraterrestrial technologies within a defined search space to extend our

knowledge of life in the universe. We may, at last, know that life is not unique to planet Earth.

n he effects of long-duration spaceflight on our most precious of resources, human life, will be
known and understood. From Skylab, to the Space Shuttle, through extended-duration missions
on Spacelab, to Space Station Freedom, and eventually on the Moon and Mars, we will have
completed an evolutionary study of the response of biological systems, including human beings,
animals, plants, and cells, to low gravity and space radiation. The results of the Lifesat/Radiation
Biology Initiative will have defined the health hazards of space radiation from both solar flares
and galactic cosmic rays. These programs will also have produced a shielding, warning, and
countermeasure system to enable humans to venture safely beyond low Earth orbit. We will have
determined and developed measures to provide medical care in space and to ameliorate or

prevent the physiological and psychological effects of long-term exposure to the space environ-



ment and the relative isolation that space travel, of necessity, imposes on our explorers. The
provision of closed-loop life-support systems based on integrated bioregenerative, physical, and

chemical processes will enable extended human exploration missions to the Moon and Mars.

E ravity’s role in a wide variety of fundamental biological processes of plants and animals will
be understood through our ability to explore the mechanisms of gravitational detection and
response at all levels of life, from single cells to complex multicellular organisms. The systematic
exploration of a wide range of gravity levels, available only through the use of suitable on-orbit
research facilities that use extended-duration Spacelab missions and Space Station Freedom, will
help us understand the effects of microgravity on living systems and will provide some direct

applications on Earth.

m and in hand with U.S. industry, academia, other Federal agencies, and our international
partners, we will have begun to build on our experience with Spacelab to use the unique capabili-
ties for microgravity research offered by Space Station Freedom. In the on-orbit environment,
where conditions such as buoyancy, sedimentation, and convection are dramatically reduced, we

will be using these characteristics to conduct critical experiments to test fundamental physical

concepts. This pioneering research will be applied to advance science and applications in such
areas as fluid physics, materials science, combustion science, health science, and biotechnology.
Space Station Freedom, an operational international laboratory, complemented by other space
platforms such as man-tended free-flyers, will open a new frontier for microgravity science, a
frontier that will stimulate exciting developments in science and technology and determine the

scientific foundation for exploiting the commercial potential of space.

n he success of our space program will be a source of great national pride, and it will attract
our young people to develop the skills and knowledge that the Nation will need in the future.
Exciting discoveries, widely disseminated through educational programs, will have kindled public
interest so that the whole Nation follows, learns from, and shares in the space program. But
perhaps the most fundamental reason for space science is that it expands the frontiers of discov-
ery, understanding, human experience, and technology. The United States was founded by
people determined to expand the frontier and to take advantage of that expansion to enrich our
Nation and our lives. This determination forms a part of our national character, and we can and
must apply our efforts to realize our visions of exploring space and making its riches part of our

lives. With a strong and supportive national will, we can proceed.

n he basic premise of strategic planning is to develop a clear vision of a desired future; this is
OSSA’s vision. The strategy for realizing this vision is necessarily ambitious, yet it is firmly
tempered to be realistic enough to succeed. Our vision sees NASA and the United States enjoy-
ing an exciting and productive era in space science and applications, with leadership in space

manifested by visible achievements that are second to none.



THE OSSA STRATEGY

n o shape an enduring program to make its vision a reality, OSSA has formulated a strategy
that is the culmination of extensive interaction and collaboration with the scientific and applica-
tions communities, careful consideration of resource guidelines, and interactive reviews of

pertinent issues and challenges.

u SSA’s strategic approach is constructed around five actions:
I Establish a set of programmatic themes.

2 Establish a set of decision rules,

3. Establish a set of priorit roissions and progeams within cach theme.

L Demonstiate that the strateay can yield a viable program.

5. Clicek the siratesy for teclinology readiness and for consistency with
vesonrce constraints. such as budget. manpower fucilities. and

lawnch cohicle availability.

E nided by OSSA’s long-standing principles, these five actions define the process by which
OSSA plans its activities and allocates its resources. The programmatic themes provide direction
and balance, the decision rules guide us in choosing efforts among and within themes, and the
priorities determine the order in which we pursue the missions and programs within each theme.
By exercising these actions, various plans for an integrated OSSA program result, and these plans
can be checked to determine whether they yield a viable program and are consistent with our

resource constraints.

u n important point to note is that exercising the above actions does not, nor is it intended to,
result in a single plan. Rather, these actions define a realistic and flexible process that will provide
the basis for making near-term decisions on the allocation of resources for the planning of future
efforts. The least certain constraint on our planning is the budget level that will be available to
OSSA. The process defined here allows us to adjust to varying budget levels, both those levels
that provide opportunities for an expanding science and applications program and those that
constrain growth.

0 N
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n n developing this strategy, we have assumed that the NASA budget will continue to experi-
ence modest growth to accommaodate Agency plans for the core science program and Mission to
Planet Earth and Mission from Planet Earth, the two mission-oriented objectives recommended
by the Advisory Committee on the Future of the U.S. Space Program. We also assume that OSSA
will receive the proportion of the overall budget that is consistent with its historical allocation and
its expanded role in national initiatives. Further, we assume the continued implementation of
current plans for a mixed fleet of launch vehicles, with the launch rates presently projected for
the Space Shuttle and for expendable launch vehicles. (In general, expendable launch vehicles
will be used for payloads that do not require crew intervention or other capabilities unique to the
Space Shuttle.) The level of availability of the Agency work force is assumed to be consistent with

current NASA projections, as augmented by needs associated with national initiatives.

u s a result of the President’s initiatives in Global Change Research and the human exploration
of the Moon and Mars, the OSSA strategy is now composed of three interrelated, complementary
parts. The first part is the core science strategy that OSSA introduced in 1988. The second
reflects OSSA’s lead role in the multinational Mission to Planet Earth, a key element of the U.S.

Global Change Research Program. The third encompasses a strategy to fulfill OSSA’s role in
Mission from Planet Earth. As NASA’s plans for Mission from Planet Earth are refined to reflect
the recommendations of the Advisory Committee on the Future of the U.S. Space Program,

OSSA’s strategy will be refined accordingly.

n he core strategy defines a space science program that OSSA should pursue even in the
absence of overarching national and Agency initiatives. When such initiatives are undertaken, the
appropriate resources must be added over and above the baseline. It is particularly important to
note that the initiation of Mission to Planet Earth represents more than the beginning of a
traditional OSSA science program. It also reflects NASA’s role in a Presidential-level commit-
ment to aggressively seek the understanding of global change needed to develop the predictive
capability on which to base major policy decisions. Because the pace of Mission to Planet Earth is
driven by this policy imperative, it will require a long-term comimitment of resources to support

that pace while preserving the vigor of the ongoing core space science and applications program.

n SSA’s participation in Mission from Planet Earth will be scaled to match the level and pace
of the program for the Agency as a whole, and the character of OSSA’s role will be shaped to
complement the role of the new Office of Exploration. The magnitude of each element of OSSA’s
contribution will be driven primarily by the pace at which the Nation proceeds and by the total
institutional capability to pursue those activities in a way that adheres to the principles of excel-

lence, balance, and appropriateness of approach.

n inally, in developing the strategy, no explicit assumptions are made about the level of inter-
national participation. Instead, we define our strategy and then move forward to seek
opportunities for international cooperation to fit our plans. The strategy also preserves the
flexibility to respond meaningfully to new international opportunities or initiatives. For example,
in the event of a national decision to embark on a major new international collaborative program,
the strategy will serve as the starting point from which we will shape the OSSA program to

integrate new initiatives into the total science and applications effort.



THE CORE SCIENCE STRATEGY

m ithin the guidelines and assumptions discussed above, five basic themes drive the develop-

ment of OSSA’s core science strategy.

Programmatic Themes

1. The Ongoing Program.

First and foremost, for missions in the ongoing program, the scheduling, resource allocations, and
manifested slots on the Space Shuttle or an expendable launch vehicle must be protected and
assured. The same high level of priority applies to ongoing research programs and mission

operations and data analysis activities.

2. Leadership through Major and Moderate Missions.

OSSA plans to move boldly forward to make fundamental and visible advances in key areas of
space science to ensure that our world leadership is preserved in the future. Our pursuit of
leadership is most conspicuous through major and moderate missions, because they provide the

largest quantum leaps in the advancement of scientific knowledge and technological ability.

3. Increased Opportunity with Small Missions.

Small missions are vital to the program because they can be accomplished relatively quickly and
inexpensively, allowing continuing opportunity for consideration of innovative ideas for focused
scientific objectives. The small missions are particularly important for training the next genera-
tion of scientists and engineers, since the missions are of a size that universities can develop, and
the development and flight of small missions can occur in the same amount of time as that
required to earn a graduate degree. These types of opportunities also build the experience and

qualify the technology for major and moderate missions.

4. The Transition to Space Station Freedom.

Beginning with Spacelab and other in-space facilities, we are moving aggressively, but sensibly,
to develop the principal areas of space science and applications that will take advantage of
unique Freedom Station capabilities for microgravity science and life sciences research in

pressurized laboratories.

5. The Research Base.

The research and analysis program provides base support for a vigorous and productive re-
search community, and it presents a special opportunity for students to develop the skills that
will enable them to conduct the programs of the future. The program consists of ground-based
laboratory and suborbital research, data analysis, theory and modeling, and advanced
technology development.

Decision Rules

n he first step in the process of determining mission priorities and sequence is the establish-
ment of a realistic budget level. Then, the five themes described earlier provide the template on



which the OSSA core science program is built. Ideally, at least one new initiative for each theme,
except the ongoing program, would be included each year, and we would systematically pursue
each item under each theme, in sequence by priority. However, in the event that the budget or
other aspects of the external environment do not accommodate simultaneous enhancements in all

four areas, certain rules have been formulated to determine the mix of program elements.

1. Complete the ongoing program.
Completing the ongoing program always has the highest priority; resources allocated to those

programs already under way will not be sacrificed or postponed in order to pursue new starts.

2. Initiate a major or moderate mission each year.

Major missions preserve and enhance U.S. leadership in key areas of space science and applica-
tions, and we will pursue major missions whenever available resources allow us to do so. If an
assessment of foreseeable expenditures for candidate missions, over both the near term and the
lifetime of the program, indicates that our resources do not permit a major mission, we will seek

to pursue a moderate mission.

3. Initiate small missions in addition to major or moderate missions.

We endeavor to start a small mission or a small mission program every year, in conjunction with

either a major or moderate mission.

4. Move aggressively, but sensibly, to build science instruments for Space Station Freedom.
S.S. Freedom initiatives are determined by the pace and balance of the scientific disciplines
involved, relevance to and compatibility with Freedom Station capabilities and schedule, and
technological maturity of the initiative. We will move forward systematically to provide a com-

plete set of fully developed facilities and instrumentation for Space Station Freedom.

5. Research base augmentations will be sought whenever they are warranted.

They are determined by the impact of both the external environment and other elements of the
OSSA program on discipline stability, progress, and future needs. Provisions for meeting the
long-term requirements for an adequate scientific work force and assuring access to the scientific

data base from past missions are particularly critical.
STRATEGY FOR MISSION TO PLANET EARTH

nn 1990, the OSSA core science program strategy was enhanced to accommodate NASA’s
participation in the U.S. Global Change Research Program. Concerns about global environmental
change have reached the highest levels of many governments throughout the world. Irrefutable
evidence exists to show that human activity has altered Earth’s nature by changing its landscape
and the composition of its global atmosphere. As never before, the public, the Government, the
private sector, and the media are being exposed to scientific evidence that suggests changes, such
as potential global warming, changing sea levels, declining upper atmosphere ozone levels, and
massive deforestation, can affect their lives and their economic status. However, although the
potential for these changes has been recognized, researchers have not yet reached consensus on

the causes, the long-term extent, or the consequences of many of them.



n o reduce the scientific uncertainties associated with global change, President Bush has
proposed a multi-agency U.S. Global Change Research Program. The goal of this program is “To
establish the scientific basis for national and international policymaking relating to natural and
human-induced changes in the global Earth system.” Contributions will be made by the National
Oceanic and Atmospheric Administration, the Department of Energy, the Department of the
Interior, the Environmental Protection Agency, NASA, the National Science Foundation, and the
United States Department of Agriculture.

u SSA plays a particularly important role in the U.S. Global Change Research Program. We
are to apply our expertise in remote sensing to use the global perspective that is available from
space to understand how the Earth works as a system. To this end, an integrated, comprehensive
program, including space- and ground-based measurements, research, and data and information
systems, has been developed. This program, Mission to Planet Earth, is unlike any other NASA
space science program. It is not intended to increase incrementally our knowledge of Earth.
Rather. it is intended to increase with all due haste our knowledge of the Earth system to a
sufficient level of understanding to make sound policy decisions. This will require aggressive and

sustained funding, and will dwarf any past space science activity.

n SSA’s strategy for Mission to Planet Earth follows three progressive phases: near-term
monitoring and focused studies; comprehensive long-term studies; and intensive studies. The
pursuit of these phases is structured around four of the five traditional OSSA core science
themes: the ongoing program, major and moderate missions, small missions, and research

base enhancements.

1. Near-Term Monitoring and Focused Studies.

The first phase of Mission to Planet Earth consists of several missions and research activities
already part of the core science program. During the next few years, our knowledge of Earth
should increase substantially, as NASA will participate in more than 20 Earth science missions to
study various aspects of how the Earth works. The Upper Atmosphere Research Satellite to be
launched in 1991 will make definitive measurements of the chemistry and dynamics of the upper
atmosphere, and thus of ozone depletion. The Ocean Topography Experiment (TOPEX)/
POSEIDON will reveal more about the circulation of the world's oceans than all the ships in
history. Shuttle flights of the Atmospheric Laboratory for Applications and Science (ATLAS) and
the Shuttle Solar Backscatter UltraViolet (SSBUV) instrument will study the atmosphere, and the
Space Radar Laboratory will observe the structure of the land. In addition, the Ocean Color Data

Mission, to be launched in 1993, will measure changes in ocean color.

B mall missions of this phase include the Earth Probes, which were approved in FY 1991 as a
series of smaller satellites with specialized instrumentation and orbits for investigations that
cannot be accomplished otherwise. The Total Ozone Mapping Spectrometer, the NASA
Scatterometer, and the Tropical Rainfall Measurement Mission make up the near-term comple-

ment of small missions in the Mission to Planet Earth strategy.

u esearch base enhancements are an integral part of this phase. To make optimum use of the
data from ongoing and upcoming missions, we intend to improve computational capabilities in

Earth science, and to enhance the access of researchers to these data through networks and



archiving facilities. The Earth Observing System (EOS) program includes an EOS Data and
Information System (EOSDIS), essential elements of which will be brought online in the early
1990s in advance of the launch of the EOS spacecraft. EOSDIS will be used to derive maximum
information from existing and upcoming missions, and, in turn, the data from these missions will
be used to test and perfect EOSDIS in advance of the larger data flows from the EOS spacecraft.

n ata alone, of course, do not yield understanding. That will require scientists interpreting the
data, developing concepts for the processes that control Earth, and building predictive models of
its future. EOS will effectively double the research community that will dedicate itself to under-
standing global change, and the program will support graduate fellowships to ensure the future

continuity of this research base.

2. Comprehensive Long-Term Studies.

The main element of this phase of study is the Earth Observing Systemn (EOS), approved in FY
1991 as a major new start. EOS is composed of a series of well-instrumented spacecraft in polar
orbit designed to observe concurrently the behavior of the atmosphere, the oceans, the land, and

life on Earth. The spacecraft are sized to accommodate instruments that need to observe the

Earth simultaneously, through the same column of air. Our international partners, the European
Space Agency (ESA) and Japan, are planning to build complementary spacecraft that include

accommodations for U.S. scientific instruments.

n he EOS-A spacecraft series, planned for launch in 1998, is devoted to measurements of
Earth's surface and the conditions of the lower atmosphere needed to understand global change.
In 1991, OSSA selected the 11-instrument payload for the first spacecraft in the EOS-A series.
The final determination of the instrument manifest on subsequent satellites will be made after
development is under way on the initial set. This approach is intended to allow for the continuing
evolution in mission planning that is expected to result from the development of new technology,
improved understanding of measurement requirements, and the availability of alternative sources

of data and new space missions being planned by other nations.

n he second spacecraft series, EOS-B, which will begin to fly 2" years later, is devoted to
measurements of the chemistry and dynamics of the atmosphere, the circulation of the oceans,
and the behavior of the solid Earth. In contrast to the initial EOQS-A spacecraft, which carries a
tull suite of instruments on a single spacecraft, the EOS-B series may be conducted using mul-
tiple smaller spacecraft with smaller numbers of instruments. OSSA is currently studying this

approach to assess its merit and feasibility.

n he EOS Synthetic Aperture Radar, which will provide complementary land surface informa-
tion not accessible with passive instruments on the EOS spacecraft, will be initiated later this
decade. The Earth Probes series will continue with follow-on missions, and the research hase will

be enhanced to begin preliminary global climate modeling.

3. Intensive Studies.

In the major and moderate mission area, this final phase of Mission to Planet Earth will include
geostationary platforms to be initiated in the 1990s. The geostationary platforms will provide
continuous monitoring of highly transient events on a global basis. Follow-on Earth Probes will

continue, and research will address the development of comprehensive global climate models.



STRATEGY FOR MISSION FROM PLANET EARTH

n SSA has also developed a third strategy for fulfilling OSSA’s role in the national initiative for
human exploration of the Moon and Mars. As defined by the President, Mission from Planet
Earth follows a progressive timeline beginning with Space Station Freedom in the 1990s, a return
to the Moon in the next century, and then a human mission to Mars. In broad terms, NASA plans
to meet these objectives by performing life sciences research and technology development on
Space Shuttle and Freedom, conducting scientific robotic missions to support site selection, and

developing and supporting permanent human outposts on the Moon and Mars.

u Ithough the specific pace and implementation plans are not yet defined, NASA’s preliminary
approach to the development of outposts on the Moon and Mars consists of four phases. The
first, robotic exploration, obtains data to assist in the design and development of subsequent
human exploration missions and systems, demonstrates technology and long communications
time operation concepts, and dramatically advances scientific knowledge of the Moon and Mars.
The second phase, outpost emplacement, emphasizes accommodating basic human habitation
needs, establishing surface equipment and science instruments, and laying the foundation for
future, more complex instrument networks and surface operations by testing prototypes of later
systems. The third phase, consolidation, further expands these capabilities, and the fourth phase,

operation, entails a steady-state mode with the maximum possible degree of self-sufficiency.

n he current OSSA strategy for Mission from Planet Earth is built around Space Station

Freedom and the four development phases to encompass three themes.

1. Meeting Human Needs.

We will commit humans to long-term space activities only when we have developed an adequate
understanding of the physiological and psychological effects of and countermeasures to space
travel and habitation of nonterrestrial bodies. Currently planned life sciences research in the
areas of medical and life support systems conducted aboard extended-duration Spacelabs,
Lifesat, and Space Station Freedom will help to develop that understanding. Other missions will
be flown to characterize and provide warning systems for in-space radiation hazards. Later, life
sciences research preparatory for Mars missions will be conducted at the lunar outpost. Signifi-
cant teclmology devel()pment of systems to protect and support human space travelers must also
be conducted. Areas of concern include radiation protection, reduced gravity countermeasures
(including artificial gravity), medical care, life support, and resolution of behavioral and human
factors issues. Additional research is also required in areas of fluid flows, low-gravity combustion
and fire safety, and the mechanics of granular materials in low gravity to support other technology

needs in advance of long-term spaceflight to and operations on the Moon and Mars.

2. Robotic Exploration.

In addition to their inherent scientific objectives, robotic exploration missions will develop global
information on the Moon and Mars to prepare for human missions and aid in spacecraft landing
and outpost site selection. Robotic exploration will proceed in synergy with human exploration,
and robotic missions will be pursned with appropriate emphasis on the parallel objectives of
continuing to conduct fundamental science and preparing for human exploration. The collection

of critical data to support planning of human exploration missions constitutes an activity that



extends beyond OSSA’s traditional role of conducting basic research from the perspective of
scientific value alone. Therefore, OSSA recognizes an added responsibility to develop and
implement these missions to serve other parts of the NASA program, in concert with their

extension of the pursuit of OSSA’s basic scientific objectives.

3. In Situ Science.

Science conducted on and from the Moon and Mars can take the form of local human geologic
and exobiological exploration, more distant rover traverses, return of samples to Earth, the
installation of scientific instrument networks for long-term observations in several discipline
areas, and scientific research in pressurized laboratories. OSSA’s selection of science activities
will be based on merit and intrinsic scientific value. Choices will be made between available
alternatives on the basis of value, cost-effectiveness, or specific advantages. In addition, in
planning for science on the Moon and Mars, choices between human and robotic approaches will

be made on the basis of appropriateness of approach to the particular objective.

DECISION RULES FOR INTEGRATING OVERARCHING INITIATIVES

n he first step in the process of determining mission priorities and sequence for integrating
Mission to Planet Earth and Mission from Planet Earth into the core science program is the
establishment of a realistic budget level. Our ability to preserve the strength of the core science
program will require a continuing level of resources comparable to the historical fraction allo-
cated to the program; both Mission to Planet Earth and Mission from Planet Earth require
resources beyond that level. Then, OSSA will approach the incorporation of new missions into
the program by assessing how these overarching national initiatives also contribute to the objec-
tives of the OSSA core science program and meet established OSSA principles. In many cases,
components of Mission to Planet Earth and Mission from Planet Earth originated in the core
science program. In fact, the two initial elements of Mission to Planet Earth — the Earth Observ-
ing System and Earth Probes — had their roots as part of the core science program. The pace of
incorporating the EOS Synthetic Aperture Radar and the geostationary platforms, the only two
remaining components of the Mission to Planet Earth strategy, will be driven by national policy,

but constrained by the state of technological readiness to pursue them.

n he strategy for Mission from Planet Earth is somewhat less mature, and it will be driven by a
philosophy that matches the schedule to the funding. Lifesat and the Biomedical Monitoring and
Countermeasures program are missions that originated as part of the OSSA core strategy; they
have also been identified as part of the Mission from Planet Earth strategy. However, for the
longer term, incorporating elements of Mission from Planet Earth into the OSSA program will be

an important strategic activity.

n n an unconstrained resource environment, at least one new initiative for each Mission from
Planet Earth theme described earlier would be included each year, and we would systematically
pursue each item under each theme in sequence by priority. However, when the budget or other
aspects of the external environment do not accommodate simultaneous enhancements in all three

areas, certain rules have been formulated to determine the mix of program elements for the



Mission from Planet Earth. These rules would also guide the timing of the initiation of later

elements of Mission to Planet Earth.

1. Match the pace of the OSSA program for overarching initiatives to the pace at which NASA
and the Nation proceed as a whole.
The Advisory Committee on the Future of the U.S. Space Program has stated that Mission to
Planet Earth “connotes some degree of urgency,” and OSSA’s planning reflects this urgency.
For Mission from Planet Earth, the Committee re